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general Increase in the size and speed of all types of
airplane have resulted in a considerable auount of re-
search on meam for balancing control surfaces. The
results of’a great part of the control-s~face research
have recentiy been”collected in two papers: one genf3r-
ally &p&licable to ailerons (reference 1), and the other
gene2ally applicable to tail surfaces (re~erence2).
The data contaimd in the two collations and in other
papars are being analyzed, corrl~kted, and summarized at
LMAL. The resulte of thaso studtes a?’ebe@j published
separately as they are completod. !Wference 3 contains
information on internally balanced controls, reference 4
contains information on controls with beveled trailing
edges cnd similar contour.modlficatlons,and raf%rence 5
contains data an horn-balgn”c~dcontrols.

The prfysantp’spardeals with contrcl surfaces
having plain-overha?ngand Frisa baiances. The effects
of overhs.~, nose s12ape,gap, and Each number “havebeen
stu.die~. The FWise balanoo Is considered only as &
special t~e of overhang balance, and certain characu
terlati.csgenerally associated only with F5ise balances -
such as the effects of bulges, vent gape, slot shapes,
and the vsrtical locations of the ?L&n@ axes - have not
been considered. suc”heffects may sometimes be appre-
ciable, but tt.eycanmt be proporly evaluated from the
existing data.

SYW30LS

Yhe coefficients, parameterfl,factors, and symbols
used in correlating and presenting t-nodata are:

CL
llft coefficient “

Cz section lift coefficient

CL1 avgra~e lift coeffictont over cont201-surfac9
span for airfoil with ~iaia sealed control
surface

ql seot20n lift coefficient f’rrai~foil vkltinplain
s6aled control surface

Ch hinge-moment coefficient
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section hlng@-moment

~r.6Aqure.*osf I?lcLen-t

3

coefficient

“r%%- -“ - ~
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local etatf.opressure\

static pressure in undisturbed alrstream

dynamic pnessurs of undisturtiedalrstream
()
A@

angle of attack, degrees

control-surface deflection relative to airfoil,
chgrees

critical bontrol-surface deflection; that is,
deflection at which plaia-overhang or Frlse
balance is no longer effective in reducing
slope of hinge-mo~e:it curve (approximately
the deflection at which ‘utmum lift Is ob-
tained for a ?:ivenangle c-fattack)

Girfofl chord

rcot-mean-squard airfoil.chord over span of’
control nurface

control-surface chord hack ~f :Mnge line

root-mean-square control-surface chord

balance chord, distance from hinge llne.to
leadin~ edgo of plaln-ovmliang or wise
balance

root-mean-square balance chord

contour balance chord, distance from hinge line
to point of tangency or %1.ante leading-edge
arc and airfoil contour

root-mean-square contour balance chord
-.

thickness of airfoil section at hinge line

root-mean-squaro of airfoil section thickness at
hinge line
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bf span of eont”rol8urfac6

%
span of plain-overhang 03?F!rlsebalance

A aspeet ratio

L ratio of tip chord to root chord

R? Mach number; with subscripts, area moment of the
balance profile about hinge axis

R Reynolds number; with subscripts, balance nase
radius

z chord-wise location of mlniurm-pressure point
for low-drag airfoils measured In airfoil
chords from leading ed~e (one-tenth of seeond
digit tn low-drag airfoil designation,
referenoe 6)

‘1 overhang factor

F2,F21 nose-shape factors

K1 balance factor
(P1F2‘)

Subscripts

0, A, .?3, C, D, 3, R, G, denote overhmg-nose type ftable I)
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Tha subscripts outside the parentheses indicate the
factors held constant durin~ measurement ol?the parameters.

hchz -! . .
AchG I

>“hd ~
increments of slopes of Mnge-rmxnent curves due

to overhang type of hahince for test condi- “

‘ch~ j tlons usi.n~data for plain unbal.fincadcontrol
,,.s~fa.qetith.L9a~e,gapcondf.ti.on&,sa.tia9e..,.
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AVAILM3U DATA

The data used in the sumary were obtalneclfrom the
results of model tests presented in references 7 to d+
and alsc from various unpublished test results. some of’
the more pertinent information regarding the geometric
charaoterlatics of the models and the test conditions
are summarized in table II.

Although an appreciable amount of data from tests
of two-dimensional control surfaces and flntte-span alleP-
ons”:were available, the amount of data obtained for
flnlte-span tail surfaces was not considered adequate
for a reliable correlation.

The values of the slopes of the hinge-moment curves
used in the analysis are the slopes for small control
deflections at an angle of attack of OO.

The present paper Is concerned with the generaliza-
tion of the effects of plain-over-hangand F’rl.sebalances
In providing aerodynamic balance for flap-type control
surfacea. Empirical factors and design charts were de-
sired In order that approximate relations could be es.
tablished between the geometric constants of overhang
balances and the effects of overhans balances on the
hinge-moment slopes. A preliminary study of the probiem~
imMcat@ that the slope increments ~Ch8 ~d AC~

(Or ACh5 and Ac@ due to the over~g were more

suitable for correlation than the total values of the
slopes.

The aerodynamic balancing effect of an overhang
balance Is considered to be a m.ximum when the contour
of the balance conforms to the contow of the airfoil
for the entire length of the overhang. Rounding or ta-
pertng the nose causes a reduction in the effect of the
balance. In the present analysis, the effects of over-
hang length and nose shape were evaluated independently
by means of various cross plots of the available data.
The effects of vanfatlons in the nose shape were found
to depend on the overhang length; therefore, a measure
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of the net balancing effect”of plain-overhang or FWIse
..bal.anteswas.pb~~~p~ ~s..q-~r.od.utrather t@n as a dif-
ferenoe of two euplrical factors. The tiwo--fac-tors.
are Fl, whloh Is related to-the length of overhang,
and F21, which Is related-to the sectional shape of

the balance nose. Thus “ ‘
..

Xl .=F1F2#
. .

where .

“=R!wTl+
and the expression for .2WI is given in table I for
varlom” general types of nose shape. AS my be seen
from table I, the expression for F21 1s, In general,
the product of an area~moment ratio and a basic nose-
shape factor that sneclfies the relative location of the
point c~ tangency cl
contour. ~ts basic
as

-. ‘2 =

n circular-arc nose and the airfoil
nose-shape factor F2 Is defined

1

Tt should be noted
nose formed by circular
~.of table I)

“’andthireforti “ “ .

that for any overhang having a
arcs (nose types 0, A, B, D, and

~21 = F2

., ...,.. ,.

‘1 ‘F1F2 ‘ “
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If the nose shape .1s.’elli tical (type C, table I)
or SWP (type E or F, 7table I the factor Qi Is ob-
tiainedby multiplying a nominal value of ~ by.an area-
moment factor. For an elliptical nose (type C) the
nominal value of F2 is tho value that would be obtained
for a flap having the seineoverhang as the given flap but .
with a nose ahapo of type 3. Me appropriate area-moment
factor is Riven in table I where MOS ~Bs and Yl -O
the area mamnts about the hinge axis of the balance pro-
fl,leshaving nose t~es denoted by t’hesubscript letters.
A similar method Is used for the nha.rp-nosebal~oes (E
and T). Ih these cases, the nomi~al value of F2 is
obtained for a circular-arc nose (type D) having a
radl’~ ‘D such that the nrc becomes tan~ent to the air-
foil cent% at a point dsfined by tha intarsectlon of
the airfoil contour and an extension of the styalght llne
forming the forward portion of the balance nose. The ex-
ponents of the area-moment factors were determined em-
pirically.

Graphlcel solutions of the expressions for the over-
hang factor F1 (for overhang~ kavtn,gspans equal to
the control-surface span) and the basic nose-shape
factor F2 are presented in figure 1. The value of F1
for balances tilch do not extsnd over the entire span of
the control surface (as for conventional rudders) is ob.
taimd by rmltlplying the value of’ 3’1 obtained from
figure 1 by the r&tio of balaricespan to control-surface
span. The use of this figure should allow a rapid deter-
mination of F1 aad F2, provided the geometric con-
stants ~b, ~b~~ F, “and Ff arc knovm.

The analysla of the available data on ccntrol sur-
faces with beveled trailing edges (reflmtinco4) indi-
cated that the effects of plan form of th6 wing or tail

surface could be accounted for reasonably well by as-
sumin~ that both the lift-curve slope and the Increments
of hinge-moment slopes due to aerodynamic balance are
affected by plan-form changes In the same manner. ThEE.same
assumption has been made in the present correlation of
the variation of hinge moments with control deflection.

In the original reports of the partial-span model
tests (models X, ‘7CYIKJ1,~d”~ of’table 11) plan-form
corrections were not applied to the hinge-moment data
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but were applled to the other”aerodynami.ccharaoterlstica.
The”lift characteristica-used-i?or.these-three mdlels in
this correlation are those oorrespondl~ to the actual
portion of the model tested and are not the same as pre-
viously presented lift charaoteristlcs.

RE9ULTS

Hhage.Moment.Parameters

The effects of’overhang balances on”the,vax%ation
of hinae-moment coefj?lo,lentwith control def’leotlonare
shown In figure 2 as cl~ves of “h@Lla m ‘%/%=
plott9d against the balance factor K1. tie parame-
ter CL1= Is the average .valueofthe lift-curve slops

over the “spanof the control surf’aceand 1s generally
.aometiatdifferent from the lift-curve-slope of the
entire wing. A method of estimating the value of CLI

‘a
“forailerons on wings of various plan forms.is.=giren”ln
reference l}. For conventnlonaltail-surfaces, CL1

gene?~ly may be assumed equal to the lift.mirve a~ope
of the entire surface. As shown by figure..2.,the var~a?
tion of the parameter

2
A% ~l. with K1 for finlte-

span ailerons was thq same as t~e variation-d?”.A~#ll
a

with Kl for two-dimensional.flaps. The relatlon was
somewhat-different,however, for finite-span tail.surfaces
from that for flnlte-span ailerons or two-dlmensional~
flaps. No attempt has been made to account for the dif-
ference, but the assuptlon that hinge-moment slcpe
Increments and the lift-curve slope vary in the same
manner with plan form Is probably not valid for the very
low aspect ratios normally used for tail surfaoes. TM
relatlon Indioated for finite-span taiL surfaces Is based
on test results of relatively few models and oannot
therefore be considered as rellable as the relation sho~
for finite-span ailerons and two-dimensional flaps- .

. .
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VEL1W3S@f Ach6/cL
la

and ACh
#zla

(for neghtive

deflections only) for ailerons and flaps having Frlse
balances had essentially the same relation to the balance ,
factor K1 as did the values for ailerons and flaps
having plain-overhang balances. The ~ise data are ~re-
sented in a separate plot, however, in order to show the
limits of K1 oovered by the available data.

First-approximation values of Eflf required for
given values of K1 may be obtained for nose shapes of .
t~es A, B, or D from figure 3. Th~s figure was derived
from the ordinates of NACA conventl.nal airfoils as given
in reference 25, and va~ues of a~cf obtained from this
“figuremay be accepted as the final valves for any air-
foil of the lJACAconventional four-digit or five-digit
series. For other airfoils, fig-ore3 should be used only
for-determining fj.rst-approxhna~ic)nvalues of F@f. By

use
the

for
hinge-r.cmentcoefficient with angle of attack. The va-
riations of ACha and Acha with the overhang fat=

of figure 1 and one or two additional approximations
final values may be obtained.

?70factor was obtained.that would adequately account
all the variables filch effact the variation of

tor % are presontod In figure 4.for representative
models having various nose shapes and open or sealed
gaps. AS may be seen from figure 4 Acha or Acha in-

creas~s with overhan ,
f

but the increase is less raptd for
medium noses (t~e C or Sharp ilOSeS(type F) than for
blunt nosos (typa 33). The effect of nose sh.&peis much
greeter when the gap Is open than wheil the gap is sealed
and sealing the gap generally results in a decrease In
Acha Or Ach= for a given balance. Little consistency

In Vae ]I:agnltudeof’the decrease can be noted .fron
figurs 4..

Deflection R=~e ‘

Attempts to correlate 8cr, the deflection at.which

the ovsrhang loses its balancing effect, with the balance
f’aotor K1 gave unsatisfactory results. A somewhat
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F2 ‘Ifi
better correlation was obtained with the function —..+ . . ..

(1- 12)
In which the factor 1 - Z2 serves to account for the
lowwr values of 8cr obtained for low--dragairfoils.
The scatter of pofits in figur:05, which presents the
correlation of Oar for a = Is probably still too
greet to justify use of tk9 ~ive~ relation In original
design work. The given relation, however, should allow
satisfactory estimat~s of the change in 6CP that might
be expscted to aocompany minor modi.fioatio~sto the over- “
hang or nose”shape.of ba~ances already in use.

Lift &ffectlveness

Several investigations have indicated that the llft
eft’activenessof a f’lapis a function of the overhang
balance and the Gap. R@a801=blY consistent vm?i.ations
of the effectiveness ratto k~o with the balancs fac-
t92 Kl were obtained and are presentad in figure 6 for
sf3veraidif,terentgaps. The test ‘raluesplotted are
prinoiptil.lyfor 30.percent-chord flaps (only a few points
for ~0-pmcent-chord fkps were available) but the rela-
tlons shown in f’i~we 6 are balleved to apply reasonably
well wlthfn the limits of chord ratios mxnall~ used for
control surfaces. The effectiveness pammter k for a
flap hav5.nga given @p and Ixlanca factor :<1 may be
determined by multiplying the value of I& obtained
from figure 6 by the effectiveness parmeter k. for a
plain seal.adflap having the same chord ratio -a#c ●

That the effectiveness parametm k lncr6ascs with the
balance factor K~ and that the rate of incraase is
grsater for the larger gaps may he s6en from figure 6.
If the four curves of figure 6 had been lotted from the
sR416base, Ethey would.interseot r.gar k ~ = l.0~
whare xl = 0.05. Thus, for Itl valuea greater than
0.05, opening a gap will generaily increase k, and
for Kg values less than 0.05, opening a gap till gen-
arally-decrease k. Althcugh the lift effectiveness
Increases as the amount of balance inmeases, the un-
stalled deflection range decreases (fig. 5). The maxlmm
incrembnt of lift of a highly balanced control surface
Is generally somewhat less than the maxlmuw increment of’
llf’tof the corresponding unbalanced control surface.
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Effect of (WP

The effect of gap on the section hin e-moment pa=
frameters and on the critical deflection “ 6 given for a

f’ewrepresentative two-dhenslonal moc181sin figure ‘7.
For the conventional alrfolls for which results are shown
there was a tendency for the valUeS of Gh and ch

a 8
to become less negative as the gap was increased. For
the low-dra~ airfoil (model II), however, the values
of cha and Cho became more negative as the gap was

increased, The variations noted for the various airfoils
are in agreement with the statement In reference 4 that
opening a gap increases the tendenoy of’larger trailing-
edge angles to make the hinge-moment parameters more
positive.

The magnitude of the critical deflection decreased
with gap for the two models shown In figure ~. The rate
of decrease of Ccr was ~meater for the low-drag air-
foil (model II) than for the conventional alrfoll
(model I).

Effeot of Mach Number and Reynolds Nunber

The effect of a simultaneous increase in Mach number
and Reynolds number on the hinge-moment parameters, the
llft-effectiveness parameter, and the critical deflection
Is shown for three representative models in figure ~.
The data are too scarce and the variations too irregular
to justlf’yany generalizations except with re~ard to the
crltlcal deflection, which decreased as the Mach number
Increased for all three cases. The variation of bcr
with M ms slightly greater for flaps with sealed gaps
than for fleps with open gaps.

The tendency for ch and Cb to become less
a .*6

negative at the higher Mach numbers as noted for some
airfoils is important because It nay lead to control-
force overbalance at high speed. The available deta are
too meager, however, to warrant rating the various air-
foils and types of overhang on this basis.
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Pressure
----- ....~o-.J.----
D@ta on the pressure

Il\s@ibutlons
...*,.J.,. ....-

distributions
surfaoes with pla-ti-overhangand Frlse balances are rela-
tively scarce but a few sample diagrams from references 1,

19 and 26 are presanted h. figures 9 to 13. Additional
dab MY be obtained from references 27 and 28,

The effects of’nose radius, -P ad control-s~fa~e
deflection “onthe pressure’sover oon&l surfaces with
plain-overhang balances is shown for a two-_slo~l
model in figure 9 and for a flnlte-spn model In
figure 10. Wlthti the unstailed range, deoreagdng the
nose radii had little effect on the pressures .baokof
the hinge but Incsrsasedthe peak pressure at the pro-
trudtig nose of the balance. Control mrfaoes with vev
small nose radii “stalledat relatively low defleotlons.
Sealing the gap decreased the positive pressures on the
upper surface of the balance for negative deflections
bfi%had a negligible effect on the Eressures ovefiother
portiohs of ~he-control surface. -

a

The ef’feetOf Mmh number on the pressure distribu-
tion over a control s~faoe with plaln-overhang balance
Is shown In figure 11 for oontrol-surfaoe deflections
of *1000 The increase In peak negative pressure which
USUECLIYaccompanies an tiorease m ~~h numbers Is not
evident in figure 11. Evidently the adverse pressure
gradient back of the balanoe nose was so great that the
control surface stalled at some intermediate Mach number.
Pressure surveys over the lower surfaoe at the nose and
the upper surface at the hinge llne of a Frlse aileron
on a “semlspanmodel of’a low-drag wing are shown In
ftgure 12, . .

The effeets & nose radius, vent gap, and modif’ioa-
tlons to the slot-entry shape are shown h figure 13 for
a control surface with a Frlse balance. Demeaslng the .
nose rsdius with this.~ontrol had effeats.slmllar to
those noted previously for the plain-overhang oontrol;
th8t 1s, the peak negative pressures were Ixmreased for .
every ease except for the smallest nose radius, with
which the nose was~stalled at ~eydef~edim for whioh
the diagram “Isshown. Inereasfng the vent gap or
ro~~ the slot entry slightly reduoed the neg8tlve
pressures over the ba~oe nose for negative deflections”
and the positive pressures over the balame nose for
posltlve de$leotlons. Rouzadlngthe slot entry and
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“Increasingthe vent Gap increased.the flow veloolty
through the slot, as is evidezzoedby the moro negative
pressures over thb upper surfaces of the balance and of
the control at positive defleot~ons.

0i?T13H1’MBALANCE ARRANGEMENTS

Many factors must”be Considered in selectlng the
optimum overhang-balance arrangement for a given control “
surface. The followlng Is a brief discussion of some of
these factors. .m

A given value of & “ ,may be obtained by many va-
-6

rlatlons of balahce length and nose shape ranging from
rather short and blunt balances to longer balances with
sharp noses. Although the ~eometric characteristics may
be adjusted over quite a wide rmnge for any given value
Of ACh6, other tierodyxiamiccharacteristics will not

rematn constant and, consequently, must be considered.

The fact that 15cr varies approximately as F2 ‘W
whereas ACh5 varies as F2 f~-,. indicates that a long

overhang and a moderate nose shape of type-B, C, or D Is
mwe satisfactory than a short over”han~and a blunt-nose
s-pe ot type A.

A factor that Is probably ~uite closely related
to ,5cr 18 the magnitude of the peak pressures over the
balance nose. If ACha Is assumed to remain the same”,

a short blunt-nose balance produoes higher peak.pressures
than a long balance with a moderate nose shape. The high -
peak pressure”associated with tne wry blunt nose shape
increases the possibility that the control Surface may
bscome overbalanced at b~fi Mach numbers and Drobably-in-
creases the rate at which-kach number reduces-the vaiue
of bcr. The high peak pressures Increase the possi-
bility that supercritlcal local velocities wtll be “
reached over the nose of the balance. Although little
defihite i.nformatlonIs at presant available concerning
the effedts of”shock waves that OCCTUZJover only a rela-
tlv~ly short chordwlse portion of the airfoil, suoh
effects are probably not beneficial.

1
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The ease with whloh static balance may be obtained
is important,.especially.for..largeairplanes. -The long
overhangs permit static balance to be obtained by the
addition of a mlntium of otherwise nonuseful weight.

Other considerations impose limitations on the most
z desirable length of overhang; A long overhang requires

a large part of the fixed structure of the wing or tall
surface to be cut away to allow for free movement of the
balance. The large breaks in the airfoil surface that
result from the use of medium or sharp nose shap4s
probably increaseithe drag.

-.

9

Nose s“mpes of types C, D~ ~, or F are likely to
‘--glv.e.overbalance at high deflections if destgned for
slight underbalance at low deflections because a large
portion of the balancln~ action of the ov6rhang type of
balance 1s produced by the negative.pressure developed
at the portion of the nose that protrudes above or below
the airfoil contour. Fornose t~es c and D the negative

‘ncreases In magnitudepresstie peak moves forward and .
as the deflection is Increased, thereby res’ultin~in an
effective ti.creaseIn balance. From these considerations
It might he mentioned that a shape of t:~e D can be ex-
pected to be more satl~factory than a shape of type C,
unless the deflection limlts all~w thq most %rward point
of the nose to ~rotrude outside tho airi’otlcontour.
All the pointed no~e shapes (types D, S, and F) show a
greatly incre~sed balancing eff~ct when the nose pro-
trudes above or below the airfoil contour. It appears
thqt such a condition should be avcided by the use of
steps unless the control deflection required would be
beyond the critical value and it is desired to use the
control in this condition. Control surfaoes with hlunt- .
nose overhangs (t~es A and B) have also shown some
tendency toward increased balance at high deflections
(references 7 and 19) but the effect is not as great as
for the medium- and sharp-nose shapes just discussed.

As pointed out in a previous section the pa-
rameter ACha is relatively Independent of nose shape

for sealed balances and appears to depend principally on
the balance chord. The choice or the best combination
of nose shape and overhang for a ~iven Acha may there-

fore be influenced by the value of Aghd obtained, the.
degree of influence depending on the specific appllca.tion.
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“Theoho~ce of an open or a sealed gap for use with
the ovarhang will be ~nfluenced”by.the fact that nose
shape has more effeot on c% with the gap open than

b~eater than about 0.05 the use of an opea gap general~y
increases the lift-effectiveness parameter k of’the
control surface. Part of’the gain in k, however, is
obtained at the expense of’ a loss in Cza’ The 10ss

in o~ generally Is not harmful If the control surface
G

Is an ~~leron but aff~cts the airplane stability ~d-
versely If the control surface Is a rudder or an
elevator.

The posslbtlity of any buffeting tendency should
not be overlooked tn the deslg of & balanced ccntrol
surface. Flight teats as well as wind-tunnel testc have
revealed such tendencies for F&ise ailerons as potnted
out in referemce 10 The buff~tin~ appears to occur in
th~ region of the negative deflections at RMch the air
flow separates from the protruding nosg; that is, at de-
flections near the critical values given for zero angle
of’attack in f’igure5. An Increase in angle of attack
usually delays buffeting for .Friseaileronn. Buffeting
ma~ also be delayed by any modification that “tendsto
delay separation; that is, by ~ncreasing the nose radius,
reduoing the overhang, raising the nosa, bulging the
lower surface of the aileron, or providing the n~se wtth
a slot cr a slat. Wltb,the possflaleexception of the
addition of a slot or slat, all these measurss tend to
reduce the aerodynamic balance for small deflections.

Some buffeting was noted during tests of two models
havinS plain-overhang balances. t?heoscillations were
not so severe, however, as those tiotedfor J@ise balances.
~ecause this type of balance may protrude into the air
stream etther above Or below ths airfoil surface, the
deflection at which buffeting may occur would be expected
to be less for either positive or negative angles of
attack than for zero angle of attack.

.
From the foregoing discussion It may be concluded

that the final seleotion of a control-surface nose shape
must he a compromise depending on the relative importance
of the various factors considered. .

.1
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m the case of ailerons, the seleotion
and ndse Shkpb’rndybe made prin~ipally ‘fYom

17

of overhang
a considera-

tion of the value-of (?ha required. The effeot of Cha

on the stack foroes during a roll m~t be considered in
the choice of C~, but the adjustment of the nose shape -

or OVOr~g of atlerons to obtain a desired value of Ch
a

IS not recommended. A nose shape siiullarto type B
seems the most promlsln

!
of’those tested; thqrefore, for “

original design work, i should generally be necessary to
determine only the overhang for a nose shape of type B
required to give a value of Ch5 already decided upon.

The -lUe d’ Cha actually obtained may be adjusted

later within a l~ited range by making minor modifica-
tions to the nose shape without c~nglng the length of
overlwmg. The effect of nose shape on the peak pressures,
the critical deflection, and the variation of Chd with

deflection, however, must be given consideration.

The hinge-moment parameters &ha ‘d c% S.reof
almost equal importance for tail surfaces, and the selec-
tion of the overhang and nose shape therefore depends on
obtaining desirable values for each of these parameters.
As has already been pointed out, the nose shape has
llttle effect on Cha provided the gap is sealed. The

overhang may consequently be selected to obtain the de- “
sired value of C

% ~d the n
ose shape may then be

selected to obtain the desired v&lUe of Chb# due consid-

eration being taken of the effect of nose s~pe on the
peak pressure, on the oritical deflection, and on the
~iatlon ~f Ch with deflection.

6
If the destied value

of ~a cannot be obtained by selection or only the nose

shape, some adjustment of’the overhang may be necessary,
and compromise values of’ Cha and Cha will thereby be

obtained.

.



. .. . —

18
. NACAAOR No, X4E13.

COMPARISON QF RESULTS WITH _ORY ~
.“

The faired curve of’flgur”e2(b) and the theoretical
values of Oha for plain sealed flaps derived by Olauert

and presented In references 29 and 30 were used in oom-
putlng the hinge moments of flaps with plaln sealed over-
hangs on an infinitely thin airfoil, for whioh El

reduces to (o@#. The values thus oomputed were then
compared with t-heoreticallyderived values presented In
figure ~ of reference 31. The data of reference 31 are
presented for values of the ovsr-all control-surface
chord (cb +cf) equal to 0.25c and 0.50c with various
hinge locations for several values of.a psmameter h.
Ih reference 31, X is an effective reduction in balance
chord and is the distance over which the concentrated
source-sink representing the steep break at the balance
nose is spread in order to picture the local flow and at
the same time retain physical realtty. According to ref-
erence 31, k is probably greater than 5 percent and
less than LO percent of the balance chord for airfoils
of finite thickness. The values for au infinitely thin
airfoil would be expected to fall near the lower limit
of the suggested range of h. Thts premise is borne out
by a comparison of the theoretical curves and the experi-
mental data extrapolated to zero thickness in the manner
noted. The experimental data forms a curve located at
A = O.0~ to 0.05 for both values of over-all control
surface chord.

DESIGN PRoCZDURE

The result% of the present analysis are considered
applicable to the original design of control-surface
balances and of balance modifications for control sur-
faces already in use. The procedure recommended for an
original design will be illustrated in detail by an
examp19:

Let It be required to estimate the length of plaln
overhang for a nose shape of type B to give a final
value of ~b of -0.0010 for a 0.20c aileron on an

rmcA23m2 airfoil. The aerodynamic characteristics
needed In the design are: (1) the slope Ch8 of the
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plain unbalanced aileron having ~he s.- gap condition
as the proposed balanoed aileron, and (2) the average

-- slope of the lift ourve-over the aileron portion of the

?lecauseonly the increments of slopes due to the
. balance are considered in the present correlation of

hinge-moment characteristics, the ability to obtain a
desired value of Ch for the balanced oontrol surface

is critically depend&t upon the accuracy of the value”
of Cha used as a base. The value of this base maybe

estimated f’rOIII comparable finite-span data or calculated
frOm SectlOn data, but ,thefinal value of Cha obtained

for the balanced aileron cannot be expeoted to be more
accurate than the value used for the base. The slope of
the lift ourve of the entire a’txrfaceCL= will usually

. be known from experimental data. The average slope over
the span of the aileron CL1= may ba oetimated with suf-

ficient accuracy by the method of reference k,

It IS assmed that the followlng results were ob-
tatied:

Che (for glaln unbalanced aileron) = -0.0070

CL1= = O.OEW

?he Increment of hinge-moment slope required of the
plain-overhans balance is

, Acho

and tlnerafore

.

For ftilte-span

= -0.0010 -(-0.0070) = o.cm60

Ache 0.0060
—=mtT =0*075 . . .CL1=

ailerons the,bal~ce factor Kl & equal
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bch~ .......”. . . .

(fig..“2).;“-thu~}: ‘“””.“.. . “ .
-..:o”~ . ... “..

,“”.
K1 =’0:075

.-. . ....“

. The r~quired overhang for a nose shape of’type E
may now be determtied approximately from figure 3(a), by
..USEJof the value of El just determlned and

2Z2
&-

= 0,131 from the known airfoil ordinates at the
Cf
aileron hinge line. Therefore,

Tho accuracy of this value maybe checlmd by &“awlng the
aileron nose to the proper ordinates (balanc~ 1 of’
fig. ~) from which the contour-balance chord may be ob-
tained graphically. For constant-percentage-chord
ailerons, the result is

~b 1

— = 0.221
&*

,

NOW,~fromfigure1, F1 = 0“.41, F2 = 0.521, and there-
fore El = 0.074, which 1s. sufficiently close to the

value required. AS has already been shown, fihevalue
of F@f obtained from figme 3 may be accepted as the
l?tnal”valuefor nose shapes of type A, B, or D for any
airfoil of the WACA conventional four-digit or five-digit
series and, therefore, the check just-performed was not
necessary in this instance. If an airfoil section
having a different thickness distribution had been used,
or If it had been desired to use a nose shape othor than
type A, 5, or D, figure 3 would still have bGefiused,.but
only to obtain a preli.mlnaryef3tlmateof E@f ●
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The procedure to be used in connection with proposed

modifications to plain-overhang balances Is similar to
that just outlined for an original design exoept that
the value of Cha of the original balanced oontrol sur-

face may be used as.the base. If only a o“ertainlnore-
ment dcha: la des~red, no base value is neoessary.

..

In order to Illustrate the c~e”in overh&ng that
would normally be required to give the same amoqnt of’
aerodynamic balance for small deflections when the nose

‘ radii are varied, two.additional nose shapes have been
derived and are presemted in figure u(a). .Balance 2
has one and one-half times
and balanoe 3 has onp half
The geometric constants of
lated in figure 14.(a). .

me variation of Chb

accompany moderate chan~es

the fioseradius of balance 1
the nose radius of balance 1.
the three balances are tabu-

that may be expected to

in the nose radius with a
fixed-ov&hang 1S lndic~ted In Figure l)+(b). The esti-
mated values of Cha range from -0.0022 to 0.00020

The recommended procedure for the design or inodlfi-
catlon of control surfaces with FYrlsebalances 1s slmllar
to that j-ustoutlined for plain-overhang balances except
that the increment Acha applies only to the negative

deflection range. The slope Ch5 for positive deflec-

tions greater than about 3° may be considered to be unaf-
fected by overhang or nose shape. The complete hlnge-
moment curve oan be approxlmate~ with a fair degree of

I accuracy at low angles Of attack by fairing a cumve
, between the balanced negative portion (tangent at\

13f= -2°) and the unbalanced positive portion (tan~ent
1 at 6f = 80)0 The exact location of the curve with r~-

13pectto tb.eaxes is dependent qn a n@bem of factors,
however, including the shape of the airfoil-section. A
prediction of the characteristics of a control surface
with a Frlse balance, therefore, cannot be expeoted to ‘
be as accurate as a prediction for a control surface
with a plain-overhang balance. It Is believed, however,
that the effeot of.rninormodlfloations to dither plain-
overhang or Frise balances can be predicted with fair
accmacy by the method outlined.
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The results of the preceding correlation and analy- “
sis indtcate the followlng gemml conclusions regarding
control suifaces having plain-overhang or F’riseJbalances:

1. Th6 effects of baknCf3 variat~ons tn changing
the slope of the curve of hinge-nqment coefficient
plotted against oontrol-surface deflection and in
changing the lift ef~ectiveness of tho control surface
oould be correlated for various models at low Mach num-
bers by the use of’a balance factor that aocount~d for
the s~ze and s’h.apeof the overhang.

2. NO correlation factor was obtained that would
adequately acoount for all the variables whtch affect
the slope of the curve of hinge-moment coefilcient
plotted against angle of attack or W~lcil affect the de-
flection range over which the balance is efrec~ive in
reducing the slope of the hinge-r.omentcurve.

3. TM presence of a small cap at the nose of a
plain-overhang balanced flap and Gf’the corresponding
unbalanced flap does not appreciably alter the differ-
ences in the slopes of the curves of hinge moment
plotted against control deflection.

4. The shape of.the balance nose varied the eff’ect
of a gap at the control leading edge on the slope of the
curve of hinge moment”plotted against angle of attack
for plain-overhang balances....

!5D The presence of a gap at the control “Ieadlng
edge constst.entlyIncreased the effect of overhang In
increasing the control llft-effectiveness parameter.

“Wth the open gap.the Increase In the lift-effectiveness
parameter with Increase In”overhang was oqused by an in-
crease in the slope of the curve of lif’tplotted against
control-surface deflection and a dec~aase in the slope
of t’necurve of’lift plotted agaj.nstamgle of attack.

,.

.,
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6. The data were too meager to justify any definite
generalizations ooncernlmg the effects of Mach number ofi
plaln-overhang and Frlse balances except that increases
irlMach number .oonslstentlydecreased the deflection
range over which the balance was effective In reducing
the s~ope of’the hinge-moment curve.

Langley Memorial Aeronautical Laboratory,
National Advtsory (lommltteefor Aero+ptlcs,

Langley F!leld,Vs., ~ ‘

,.
.“
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TABLE I.- VARIOUS NOSE SHAPES CONSIDERED IN
COM?ELATIONOF PLAIN-OVERHANG AND FJ2L5EBALANCES
ANDCOL?PESPOAWV’GEXPRESSIONS [OR N3!SE-i5HAPEFACTOR.
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